Uzbekistan is an emerging economy in the heart of Central Asia. Due to the country's diverse geographic and climatic conditions the population is unevenly distributed among its regions. This fact makes some small settlements in remote areas prone to electricity supply disruption, sometimes caused by outdated infrastructure and high transmission losses, which can cause system failures during peaks in power demand. As a result people in such regions become socialy and economically isolated. Given this situation, some remote villages opt to use diesel generators and other fuel alternatives which have a significant environmental footprint. This paper uses the case study of Uzbekistan, as an example of a developing post-Socialist country undergoing an economic transition from planned to market economy to analyse if hybrid wind or solar energy systems are economically viable, compared to diesel run systems. In order to do so authors fed real meteorological data for six selected regions in Uzbekistan into the HOMER software. Further, the authors investigate changes in monetary policy recently taking place in the country and question the consistency of such changes with the course taken towards increasing the share of renewables in power generation. The paper concludes that although renewables appear to be economically viable (even in a fossil-fuel rich country), the government needs to synchronise different policy tools in order to build an efficient, environmentally friendly and sustainable energy system. Uzbekistan is an emerging economy.
Introduction
There is a growing concern amongst the international community regarding the problems that are being brought about by climate change, and the role of carbon dioxide emissions in exacerbating this process. As noted in the Intergovernmental Panel on Climate Change 5th Assessment report (or IPCC 5AR, IPCC 2014) since the 1950s the atmosphere and ocean have significantly warmed, and sea levels have risen. The idea of a "green economy" (as one of the ways to address environmental issues) is now frequently talked about by international institutions and in research agendas, and essentially attempts to establish a resource-efficient, socially inclusive, low carbon society (UNEP, 2008). Thus, it appears possible that human well being and social equity can be improved at the same time as reducing environmental risks and ecological scarcities (UNEP, 2011).
Remote regions in many developing countries around the planet often suffer from a lack of reliable energy supply. This might be caused by non-existent or outdated transmission infrastructure, or a lack of generating capacity, and can lead to many socio-economic problems. As a solution, many remote villages opt to use diesel generators and other alternatives, though these can be very costly solutions, and in an era of rapidly decreasing renewable costs it is not clear that they are the optimal solution. In order to analyse such issues, the authors chose to study the problem through the case study of Uzbekistan, a developing post-Socialist country undergoing an economic transition from a planned to a market economy. The country is rich in fossil fuels, and thus if such systems can be shown to work in its remote areas, they could potentially be more feasible in other countries that have to import coal, gas or oil (BP Statistical Review, 2017) .
Uzbekistan is an emerging economy in the heart of Central Asia, with a territory of 447,400 km 2 and a population of about 32 million (Statistical Review of the Republic of Uzbekistan, 2017). Due to the country's diverse geographic and climatic conditions (most of its northwestern part is occupied by the Kizilkum desert, while the east is made up of the fertile Fergana valley) the population is unevenly distributed among its viloyats (regions). Geographic isolation makes some small settlements in remote areas prone to electricity supply disruption, sometimes caused by outdated infrastructure and high transmission losses (some of the transmission lines can be 40-50 years old, and have not been properly maintained), which can cause system failures during peaks in power demand (ADB, 2015) . Due to these problems, a number of pilot low scale stand-alone renewable energy systems have been installed across hard-to-reach regions in Uzbekistan, through initiatives and support from international organizations, local NGOs, and other sources of external funding † (UNDP (2007), Azizov, (2015) , Zakhidov et al (2015) ). More recently, privately financed renewable energy system (RES) installations have slowly started to emerge, with the aim of supplying electricity to individual households.
Some experts claim that many of these projects have been successful ‡ . However, there is a lack of data on their actual outcomes, and so far no comprehensive technical and economic analysis has looked at the optimization of renewable energy systems (with the ultimate aim of minimizing the cost of the electricity provided by such systems). Previous studies have mainly just made preliminary technical and resource potential assessments, as described below. For instance, Zakhidov et al. (1995) attempted to model wind patterns to predict the output of wind turbines, in order to define the best turbine sizes for different regions of Uzbekistan. Zakhidov et al (2000) criticized the methodology used by Wijk et al (1994) , Gartsman et al (1994) and in the "Recommendation on defining climatic characteristics of wind power resources" (1989) for the assessment of the potential wind power, as they used annual average wind speed or the specific power of wind flows (which is problematic for the case of Uzbekistan due to its diverse terrain and variability of wind patterns). Zakhidov et al (2000) also point out issues related to the density and distribution of weather stations, which are missing in many parts of the country, and estimates there is substantial wind power potential in the country, which could produce 330GWh per year. Essentially, wind patterns in the country vary significantly throughout a year, season, month, day and hour, both in magnitude and direction, due to climate differences and geographical terrain variations (2015) attempted to identify the technical and economical parameters that would govern wind turbine deployment in different regions in Uzbekistan, using NASA data for wind speeds at a 50 m height. However, satellite data on wind speed might not necessarily be as accurate as real ground measurements.
There is very limited research that has been conducted on hybrid stand-alone energy systems in remote regions of Uzbekistan, and their performance under real meteorological data. For instance, Abdullaev and Isaev (2002) discussed the electricity output of wind turbine and PV panels under real conditions in Charvaq region. Consequently, Zakhidov et al (2015) emphasized the fact that a significant part of Uzbekistan is characterized by having a great number of unevenly distributed villages and small settlements, which use little electricity. In such a situation, the power supply to such remote areas could be improved through the use of distributed power generation. They conclude that the modernization and extension of grid would be expensive and economically unviable, due to shortages of generation capacity in some regions. These authors also conclude that the use of distributed power generation sources (namely renewables such as wind and solar power) is a promising way to improve energy supply in remote regions. However, no studies have been carried out on the cost viability and performance of these systems with regards to alternative conventional options in rural regions of Uzbekistan. Conducting such studies with real meteorological data is of crucial importance if they are to be successful, as for renewable systems to succeed they must be both technically and economically viable. Thus, in order to fill-in this gap in literature, the present work raises the following set of questions: To what extent are wind and solar energy systems feasible in countries well-endowed with fossil fuels? Can they represent an alternative to existing diesel-run systems? And, finally, what are the factors which may have an impact on this process?
By answering these questions, the present work will thus contribute to literature in a number of ways. First, it uses the case of Uzbekistan as an example to demonstrate the challenges and issues faced by countries which are undergoing a transition from government-led economic models to the post-Socialist model of economic governance. Second, by nuancing the current development of renewable energy markets in such countries, through an analysis of the economic viability of wind/solar energy systems in Uzbekistan, this research provides an outline of major problems which go beyond the issues faced by Central Asian (CA) countries, and which are often felt by many other post-Socialist countries (tightly related to political, economic and social systems). Finally, this research also offers certain clues about the particularities of transitioning from traditional energy resources to renewable energy consumption in developing countries, touching on certain important elements related to government policy.
The choice of methodological tools employed by the authors to answer the questions raised above is not arbitrary. There are a number of widely accepted methodologies to model optimal RES systems (Erdinc and Uzunoglu, 2012). Zhou et al. (2010) attempted to analyze the algorithms hidden inside some software tools for solving multi-objective tasks, revealing their limitations. When focusing simultaneously on several objectives, it is typical that some of them may be in conflict with others ( (2008, 2009 ). The HOMER software package has been used for many remote and hard-to-reach regions, using control strategies based on Barley Winn (1996) . The design, control and optimization of a hybrid system is usually a very complex task, and HOMER can be used to find optimum solutions in the design of a hybrid energy system with the least Levelized Cost of Electricity (LCOE) and Net Present Cost (NPC), while considering aspects such as climate conditions, technological advancements, and other economic indicators.
Due to their intermittency, neither wind nor solar energy systems can provide continuous power supply for stand-alone systems. Integrating several energy sources thus helps to improve the efficiency and reliability of energy supply, reducing energy storage requirements when compared to systems that are comprised of only a single type of RES (Yang et al 2008) . Khan and Iqbal (2005) , in a pre-feasibility study of hybrid stand-alone energy systems, conclude that fuel cells could prove to be an important alternative for conventional batteries, potentially decreasing the capital costs of hybrid RES in the future. Moreover, they point out that instead of using single stand-alone units, larger hybrid RES systems would be more cost-competitive for remote communities, due to economies of scale. Asrari et al (2012) conducted an economic evaluation of a hybrid RES system for a remote village, critically examining whether it is cost-effective to extend the national grid to that location due to high capital costs, providing evidence that supports the development of hybrid RES systems. Other studies (Kaldellis, 2010; Ngan and Tan, 2012; Hafez and Bhattacharya, 2012; Dalton et al, 2009 ) have also expressed support for the necessity to diversify electricity generation in favor of renewables, to lessen the reliance on the highly volatile nature of the prices of fossil fuels and reduce concerns about greenhouse gas emissions and climate change.
As stated earlier, despite the proliferation of such studies worldwide, to date very limited work has been done for the case of Uzbekistan, and none of these studies have attempted to analyze the actual cost viability and performance using real atmospheric data. To address this important gap in literature the authors gathered data from Uzbekistan's meteorological agency and utilized the HOMER software to analyze what would be the most desirable strategy (from a socio-economical point of view) to ensure the sustainable energy supply of remote villages in the country.
Outline of case study sites
In the current research the authors attempt to fill in the missing gaps in previous research on renewable energy sources in Uzbekistan by conducting a pre-feasibility study on 6 electricity consumer units in 5 different regions (viloyats). The authors categorized the current work as a "pre-feasibility study" § , since it represents a detailed analysis that involves the use of metrics and data specific to the hypothetical projects that could be considered in each region. In the first part of this study, the authors evaluate a variety of RES and diesel hybrid energy systems using the HOMER simulation software, based on the cost effectiveness and environmental consequences of each system (in terms of greenhouse gas emissions during the operation of the systems, mainly as a result of burning fuel by diesel generator. The assessment of other costs, such as lifecycle emissions from the construction of PV panels, was not included in the assessment).
The regions considered all have different weather conditions and are distributed throughout the territory of Uzbekistan, allowing for an identification of the areas that would be most suitable for the introduction of stand-alone RE systems. The location of the weather stations utilized in this study is summarized in Table 1 below, and a brief description of the areas surrounding them is also provided. Note that while there are other weather stations in Uzbekistan, the ones that were used in this study essentially represent all stations that record both solar irradiation and wind speed data, as others do not measure solar irradiation. 
Methodology and system design
As stated earlier, the present work used HOMER to investigate the potential of hybrid RES deployment as an alternative to grid extension or diesel run power in the most remote areas of Uzbekistan, or at least as a complementary source of power. Also, the study attempted to identify how changes in discount rate policy affect the economics of particular RES projects, through a sensitivity case study assessment. It should be noted that the scenarios presented are deemed to be "conservative", as the PV and wind power technologies used in the simulation employed technical and economical parameters which are less favourable than the state-of-the-art technologies available in other countries (such parameters were obtained from local RES installing and producing companies, and if better technologies are included the results of the present work would make renewables even more cost-effective).
Data inputs
Daily average solar irradiation, wind speed, and air temperature data were obtained from the National weather agency "UzHydroMet", for all the weather stations described in the previous section.
Solar Irradiation
Average solar radiation data for each case study location is shown in Figure 1 , indicating how the solar radiation in some regions reaches a minimum of 1.7kWh/m 2 /day in January and a maximum of 14kWh/m 2 /day during summer months. 
Wind speeds
Wind speeds and patterns vary significantly throughout the territory of Uzbekistan. The windiest regions are centered on the Aral Sea in Karakalpakstan (north-west), around the Plato Ustyurt, and Navoi and Bukhara viloyats, which includes the Kizilkum desert. The average wind speed data for each site at a 10m elevation is shown in Figure 2 . The lowest wind speed during the year varies for each particular region, though there is an increase in wind speed during spring and winter months in most areas, with the highest wind speed typically taking place in December. 
Load profile
Since hourly load profiles for the selected sites were not available, HOMER was used to synthesize the load profiles by entering the average values of electricity consumption for a typical day for an average household, with a peak load in January ** . Then, a synthetic load was created for 10 average households, which was the size of the proposed "case study village projects" at each of the study sites. Both day-to-day and time-step-to-time-step randomness were set at 3%, and the monthly average load profile for the case study village for each month of the year is shown in Figure  3 . 
System design
In order to arrive at the optimum power mix it is necessary to take into account a number of possible power mixes. To do so, the authors considered different combinations of the five potential elements (diesel generators, PV panels, wind turbines, power converters and batteries) that could be used by the system. When detailing the different scenarios the authors ensured that the maximum capacities of each type of energy source had the chance of entirely supplying the "case study project village" with electricity (i.e. it was possible for example that energy demand was fully satisfied ** Obtained through personal communication with a former national grid engineer Month with either solar or diesel power), though all combinations of lower capacities were computed, as long as they could satisfy the overall electricity demands specified in Figure 3 The best size combinations for each region will be described in the following section. For an assumed project lifetime of 25 years, the annual discount rate was taken at 9 %, as was officially set by the Central bank of Uzbekistan up to the year 2017 (note that changes to this discount rate will be investigated later in this paper).
Diesel generator
In this scenario an autosize diesel generator with a capacity of 18kW was selected to cover the peak load of 16.3 kW. The operating reserve was set as 10% of the hourly load. The initial capital cost of the generator was assumed to be USD 2700/20kW. Replacement and operational costs were USD2000/20kW and USD 0.030/h, respectively † † . The operating lifetime was considered to be 15,000 hours. The current diesel price in Uzbekistan is about 1 USD per litre, though it consistently increases as one progresses towards remote regions, due to higher transportation costs and random speculation. However, in order to be conservative the authors neglected such issues, and assumed a value of 1 USD per litre.
PV panels
Installation and replacement costs for 1 kW solar power systems, considering the market of PV panels in Uzbekistan, were taken as USD 2600 and USD 2000, respectively. Maintenance costs were considered to be USD10/year. The lifetime of PV panels was taken as 25 years, with no tracking system. In this study, nine different sizes of PV arrays (0, 5, 10, 15, 20, 25, 30, 35, 40 kW) were considered.
Wind energy conversion system (WECS)
Locally produced wind turbines with a rated capacity 1-3kW were considered. Unit cost was set to be USD 3900, with replacement and maintenance costs of USD 3000 and USD 30/year, respectively. The lifetime of a turbine was set to be 15 years. To allow the simulation program to find the optimum system size solution, seven options were fed into the system design for analysis (0, 1, 2, 3, 5, 6, 7 turbine units).
Power converter
To maintain energy flow between AC and DC busses the authors included a power converter (Leonics 15kW). For a 1kW system the installation and replacement costs were considered as USD 600. Four different sizes of converter were used in the simulation (0, 10, 20 and 30kW). The † † This information was obtained by the main author through personal communication with local RES installing companies and a grid expert between August -September, 2016 in Tashkent lifetime was assumed to be 15 years, with an efficiency of 90%.
Battery
For the current analysis the authors considered an autosize battery (Trojan Ind9-6V) with initial and replacement per unit (string) costs of USD 850, and a maintenance cost USD of 10/year ‡ ‡ . To find the optimum configuration, the system was assumed to contain any number of 0, 10, 20 or, 30 unit (strings) batteries. The operation lifetime of the battery depends on the system's configuration, and in the present case studies it can vary between 6.55 years for hybrid RES system and 18.8 for diesel-battery energy system.
Optimization results
Based on the optimization results all feasible systems for each selected location were ranked based on indicators such as lowest net present cost (NPC), lowest cost of energy (LCOE), lowest greenhouse gas (GHG) emissions and highest fraction of renewables. Then, the systems with the lowest LCOE from each region were compared to find the most promising areas in the country to install renewable energy systems.
Case study 1: "Tashkent"
As can be seen from Tables 2 and 3 , a PV-diesel-battery system (Scenario #1) consisting of a 25kW PV array, 18kW diesel generator, 30 batteries and 15 kW converters would be the most economically feasible solution, with a minimum NPC of USD 286,539 and LCOE of USD0.277/kWh. The Renewables fraction in the system is 73%.
Moreover, in terms of environmental impact this RES system is also considered to be the best, with CO 2 emissions as low as 16,618 kg/year, and a fuel consumption of 6,318 litres/year. If compared with a system that is 100% dependent on electricity produced by diesel generators, the system prevents CO 2 emissions equal to 47,000 kg per year, saves 17,000 litres of diesel, and producing electricity at almost half the price. Adding wind turbines to the system does not significantly affect either the LCOE, renewables fraction or CO 2 emissions, while it increases the NPC. This can be explained due to the insufficient wind power resources in this particular area of the country. The most expensive system was based solely on a diesel generator, with a cost of electricity equal to USD 0.415 (which was actually true for all case studies in the current research). In this sense it is important to note that while RES systems require high upfront costs, the costs of dieselrun systems are almost equally distributed through its lifetime (mainly related to the price of diesel) and will eventually exceed that of RES. Also, it is important to note ‡ ‡ This information was obtained through personal communication with national grid expert that if the volatility of diesel prices increases the cash flow patterns of those depending on them can suffer. Case study 2: "Fergana"
In this area a PV-diesel-battery system (Scenario #1, Table 4 ) consisting of a 25kW PV array, 18kW diesel generator, 30 batteries and 15 kW converters would be the most economically feasible solution, with a minimum NPC of USD 293,842 and LCOE of USD 0.274/kWh ( Table 5 ). The renewables fraction in the system is considerable, and equals to 69%. In terms of environmental impact this RES system is also considered the best, with CO 2 emissions equal to 19,387 kg/year and fuel consumption of 7,362 L/year. Case study 3 and 4: "Karakalpakiya"and "Takhiatash"
Two of the following case study sites are located in one region. However, due to differences in weather conditions, the system design and costs and other indicators vary significantly.
Thus, for the case study 3: "Karakalpakiya" a PV-wind-diesel-battery system (scenario#1, Table 6 ) consisting of 15kW PV array, 7 locally produced 3kW wind turbines, 18kW diesel generator, 30 batteries and 10 kW converters, would be the most economically feasible solution with a minimum NPC of USD 217,113 and LCOE of USD 0.210/kWh (see Table 7 ). The renewables fraction in the system is as high as 84% of the electricity consumed, with the system only producing 11,786 kg/year of CO2 emissions. The second most economically feasible system consists of 7 units of 3kW wind turbines, 18kW diesel generator, 20 batteries and 10 kW converters (Table 6) , with a NPC of USD 263,567 and LCOE of USD0.254/kWh ( Table 7) . It worth to note that this is an exceptional situation, and the only case in which a wind-diesel-battery system is the second best option.
Meanwhile, for the case study 4:"Takhiatash", a PVdiesel-battery system (Scenario #1, Table 8 ), consisting of a 25kW PV array, 18kW diesel generator, 30 batteries and 15 kW converters would be the most economically feasible solution, with a minimum NPC of USD 286,773 and LCOE of USD0.277/kWh as shown in Table 5 . The renewables fraction in the system is equal to 74% of the electricity produced (Table 9 ). Essentially, this scenario is very similar to Scenario # 1: "Tashkent", due to the similarity in weather conditions in this region. 1  25  18  30  15  2  25  1  18  30  15  5  18  10  15  6  1  18  10  15  7 18 Case study 5: "Tamdy" Table 6 shows that a PV-diesel-battery system (Scenario #1, (Table 11 ). The renewables fraction in the system is a little bit lower than in previous cases, at around 67%.
However, compared to other case studies the LCOE is rather high, and adding extra battery storage only slightly decreases the cost of the system. Case study 6: "Termez" Table 12 shows how a PV-diesel-battery system consisting of a 25kW PV array, 18kW diesel generator, 30 batteries and 15 kW converters would be the most economically feasible solution with a minimum NPC of USD 284,232 and LCOE of USD 0.274/kWh (Table 13 ). The renewables fraction in the system represents 74% of the electricity produced. 1  25  18  30  15  2  25  1  18  30  15  5  18  10  15  6  1  18  10  15  7 18 
Summary of optimization results for 6 regions
In Table 14 the authors summarized the optimization results for the best RES systems in terms of the lowest LCOE, to compare the economic feasibility and environmental footprint of the potential types of projects that could be envisaged for different regions. The cost of employing RES systems is lower than using diesel generators, even in regions which are comparatively less rich in solar and wind power resources ("Tamdy"). The optimization results for "Karakalpakiya" revealed two different configurations that had an LCOE that was lower than any for the other 5 case study sites (Table 15 ). Such an endowment in both wind and solar power clearly offers substantial flexibility for any potential project developers and investors in this region.
Wind and solar power economic sensitivity to the discount rate
In this part of the study the authors investigate how recent policy changes in the discount rate § § of the Central bank of Uzbekistan, which in the year 2017 raised its discount rate from 9% up to 14% (Sputniknews-uz, 2017b), would affect the development of RES projects in Uzbekistan. Since most of the costs in RES projects are upfront capital costs, the LCOE of such projects is very sensitive to the discount rate applied, in the same way as with other renewable sources with long payback times, such as hydropower (IRENA, 2013; IPCC, 2011). Essentially, the theory of the time value of money states that a dollar invested today costs more than a dollar tomorrow, and it is important to consider the effects of this on a project's lifetime cash flow. In order to demonstrate and test how the change in discount rate will affect the economics of an RES project, the authors decided to run a simulation for the "Fergana" region with two discount rates (9 and 14%), to test the sensitivity of the system to this parameter (Figure 4 ) *** . *** In order to compare RES systems at different discount rates the authors extended the potentially battery capacity to 50kW.
Figure 4
Sensitivity of NPC and LCOE when changing the discount rate from 9 to 14% for the "Fergana" case study (see also Table 16 and Table 17 ). In Figure 5 (a), (b) and Figure 6 (a), (b) it is possible to observe the differences in the discounted cash flows for RES and diesel run system scenarios at a discount rate of 9 and 14%. The impact of the discount rate change is less severe in diesel run systems than in RES, as they have a more evenly distributed pattern of costs through the project's lifetime (mainly the cost of fuel) and lower upfront costs, compared to RES, where the greatest costs happen at the start of the project. Figure 6 shows how the change in discount rate has a more obvious effect on the more evenly distributed costs of diesel-run systems, which involve the acquisition of fuel and spare parts every few years. Figure 5 (a), (b). Discounted cash flow under a 9% and 14% discount rate for the "Fergana" case study hybrid RES system (Table 16 and Table 17 ). The jumps in cash flow every 7 years in Figure5 (a) are due to battery replacement, and on the 15 th year there is also a need to replace the converter.
(a) (b) Figure 6 (a), (b). Discounted cash flow under 9% and 14% discount rate for a 100% diesel run and battery system ("Fergana" case study (Table 16 and Table 17) This increase in the discount rate affects the optimization results and RES system choice, and in these cases point towards a reduction in PV installed capacity (Table 16 , see also Figure 5 (a), (b)). Nevertheless, it is noteworthy that even after this change in discount rates the optimum system still has a sizeable component of renewables in it, indicating the economic viability of such projects in remote areas of Uzbekistan. However, the behaviour of the LCOE under an increasing discount rate is the opposite as that of the NPC (Table 17) , as the LCOE is not just the sum of depreciated costs during the project's life, but also considers the cost of paying back the loan at an increased discount rate.
Hybrid RES projects sensitivity to the exchange rate
Another important variable that needs to be considered (which is important for developing economies with unstable foreign exchange markets but is not included in HOMER) is the fluctuation in currency exchange rates, in this case the Uzbek som with regards to the US dollar. For example, the cost of replacement parts is distributed unevenly through the lifetime of the project and can be affected by fluctuations in the exchange rate, which can have adverse consequences on the economics of projects.
Since October, 2016 the official rate of Uzbek som (UZS) has depreciated significantly with regards to the USD (Trading Economics, 2017). Recently, the government announced that it would proceed to liberalize the foreign exchange, with the aim to achieve "economic growth, ensuring attractive climate for foreign direct investments, and increase in competitiveness of national products on international markets" (Sputniksnews-uz, 2017(a). On September 2 nd , 2017, President Sh. Mirziyoyev signed the Decree "On the measures on foreign exchange policy liberalization" guaranteeing free and unhindered access to buy and sell foreign currency in commercial banks of Uzbekistan at the rate set by the Central Bank of Uzbekistan (CBU). In one night the national currency lost half of its value against the US dollar (and other reserve currencies). Prior to September 05, 2017 the official exchange rate set by the Central Bank of Uzbekistan (CBU) was 4,154 UZS per 1 USD † † † . On September 5, 2017 the CBU set the exchange rate at 8,100 UZS per 1 USD (close to the exchange rates that were previously obtained in the "black market" in Uzbekistan).
One way to avoid exchange rate fluctuations would be to conduct all transactions in the local currency. However, most of the components for RES systems are paid for through international contracts remunerated in one of the reserve currencies (typically US dollar or Euro). The other way would be to increase the localization of the production of the components of RES systems, which could lead to a lowering of costs, especially if local production could use modern technologies and research. If so, this could also lead to an increase in competitiveness of locally produced components versus those acquired in international markets, especially given the new open economic policy. However, this would obviously require a proactive commitment by the government, which could try for example to convince some international PV manufacturing companies to set up factories in Uzbekistan.
Conclusions and Policy recommendations
In Uzbekistan there is a substantial potential for renewables to contribute to the energy mix. RES deployment in remote areas of the country could lead to benefits at the local community. Firtsly, RES installation could assist in improving the reliability of electricity supply in remote regions, compared to diesel run sytems, which provide electricity at a price 8 times higher than that provided by national electricity provider "Uzbekenergo" through the grid, and 2 times higher than that provided by hybrid RES systems. Secondly, RES deployment could cause less harm to the environment at a global scale.
Moreover, by deploying low-scale hybrid wind-solar power systems in remote regions in Uzbekistan, it is possible to meet the country's growing energy demand, lessen the burden on the national grid (especially during peak hours) and facilitate the sustainable and inclusive economic development of the country.
Additionally, RES deployment could contribute to improve the energy security of small communities in remote areas and ensure their sustainable development by improving local livelihoods at the possibly lowest economic costs and environmental footprint. However, for this to † † † This rate is used for all simulations in this research happen, a number of technical and political challenges must be overcome.
With the recent RES development targets set by the government, Uzbekistan has sent positive signals to the RES industry, academia and potential investors in this sector. However, it is still unclear what are the next steps that the government will take to support and incentivize RES deployment at different levels and scales to reach these targets. Meanwhile, the attempts to let the national currency of the country float freely have been followed by a fast depreciation of the Uzbek som with respect to US dollar and other reserve currencies, which also affects the economics of RES projects. One way to protect and incentivize RES deployment in such economic conditions would to localize production of RES components by . Also, the experience from small-scale hybrid RES projects could be used to improve the understanding of RES market specifics, which are highly influenced by the specifics of the economic system in the country.
It is thus imperative that a clearer and more thought out approach to the entire renewable sector is outlined by the government. This should answer questions as to whether the government will implement RES sector specified financial mechanisms and tools, such as preferential loans, feed in tariffs or taxation regimes to support renewables at the early stage of their development. Depending on this, and many other factors, RES deployment can either help to promote a sustainable energy future, or further aggrevate energy supply and environmental problems in the country.
